
F1.

AD

Award Number': W81XWH-04-1-0670

TITLE: Early Diagnosis of Breast Cancer by Identifying Malignant
Cells Within Neoplasias Histologically Classified as Benign

PRINCIPAL INVESTIGATOR: Sophie A. Lelievre, D.V.M., Ph.D.

CONTRACTING ORGANIZATION: Purdue University

West Lafayette, IN 47907-2040

REPORT DATE: July 2005

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army-'Medical Research and Materiel Command
Fort Detrick, Maryland 2,1702-.5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and.should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.



Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, Including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

01-07-2005 Annual 07/01/04-06/30/05
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Early Diagniosis of Breast Cancer by Identifying Malignant
Cells Within. Neoplasias Histologically Classified as Benign 5b. GRANTNUMBER

W81XWH-04-1-0670
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Sophie A. Lelievre, D.V.M., Ph.D.

5e. TASK NUMBER

E-Mail: lelievre@purdue.edu 5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Purdue University
West Lafayette, IN 47907-2040

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION I AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT: Abstract on next page.

15. SUBJECT TERMS
Nuclear Organization, NuMA, H4K20m, Three Dimensional Coculture, Imaging Analysis

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC

a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
Unclassified Unclassified Unclassified Unclassified 23 code)

301-619-7325

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18



Abstract
"-Current diagnostic tools permit the

classification of breast neoplasias into categories that represent different relative risks of developing cancer, but they do not
indicate which particular lesion of an individual willblead to cancer. The lack of precise classification of breast lesions
results in patients being under- or overtreated. In three-dimensional (313) cell cultures that mimic different breast
phenotypes, we can correlate specific distributions of certain nuclear proteins to a particular cell behavior and/or degree of
malignancy using an automated image analysis, referred to as local bright feature (LBF) analysis. We have proposed the
novel concept that in true precancerous diseases, a small fraction of malignant cells might be detectable admixed within a
cell population globally classified as benign. Using 3D cell culture, we show that the LBF analysis of proteins NuMA and
H4K20m distinguishes premalignant from normal and malignant cells and that subpopulations of cells with different
behaviors can be identified within a premalignant cell population. We will now use the LBF method to identify cell
subpopulations within premalignant and preinvasive lesions on archival biopsy sections. The ability to recognize malignant
cells in these lesions should bring critical improvement for the identification of lesions of adverse and good prognoses.
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INTRODUCTION

Early detection and prognosis of breast malignancy is a tremendous challenge (Wright and
McGechan, 2003). Current diagnostic tools permit the classification of benign or premalignant
breast neoplasias into categories that represent different relative risks of developing cancer, but
they do not indicate which particular lesion of an individual will lead to cancer. Current
classification mainly relies on gross cellular features like nucleus size, shape, and texture (Hunt
et al., 1990; Mombello et al., 2001) that do not allow pathologists to identify subtle alterations,
characteristic of benign or malignant behavior, at the single cell level. The lack of precise
classification of a breast lesion results in patients being under- or overtreated. We have
developed a novel automated imaging analysis tool, referred to as local bright feature (LBF)
analysis (Knowles et al., submitted) that enables us to quantitatively measure the distribution of
nuclear proteins. With this method, using three-dimensional (3D) cell culture that mimic different
breast phenotypes, we can correlate a specific distribution of a defined nuclear protein to a
particular cell behavior and/or degree of malignancy. We have proposed the novel concept that
in true precancerous diseases, a small fraction of malignant cells might be detectable
admixed within a cell population globally classified as benign. Our project aims at
assessing whether the LBF analysis can identify cells with malignant signatures in biopsies of
premalignant lesions and evaluating the prognostic value of the detection of these signatures.
To do so we have proposed two aims. In Aim 1, we will establish the criteria for distribution
analysis of chromatin-associated proteins in heterogeneous cell populations in 3D
culture. In Aim 2, we will investigate, using the LBF analysis, the presence of malignant
cells within neoplasms histologically classified as benign, with increasing breast cancer
relative risk, including typical and atypical hyperplasias, ductal carcinoma in situ (DCIS),
and lobular carcinoma in situ (LCIS).

BODY
Progress for Aim 1
We have two nuclear makers currently utilized in this project. Heterochromatin protein histone 4-
methylated on lysine 20 (H4K20m) and the nuclear mitotic apparatus protein NuMA. We had to
abandon the use of histone 3-methylated on lysine 9 (H3K9m) since the best marker was the
branched form (Plachot and Lelievre, 2004) for which the antibody is still not commercially
available. Therefore we have replaced the use of H3K9m with that of H4K20m. Heterochromatin
marker HP1 is still part of our list of protein to investigate and will be tested. However, for the
sake of time for this project we have focused on NuMA instead of HPI. We have already well
defined the criteria for the LBF analysis of NuMA.

Task 1. Development of the LBF analysis for H4K2Om. In Collaboration with Dr. Knowles with
whom we have developed the local bright feature (LBF) analysis for NuMA (Knowles et al.,
submitted), we have worked on the development of the criteria to measure changes in the
distribution of H4K20m. The basic principle of isolation of bright features of the immunostaining
is the same for all nuclear proteins studied; however, the analysis of the distribution of the bright
features varies with the type of staining pattern. The isolation of bright feature was developed to
mimic the way the human visual cortex perceives local bright features in a scene even when
features are subtle and not well defined. Z series of confocal images are recorded from
fluorescently labeled proteins. The LBF analysis uses an automated nuclear segmentation and
analysis of three-dimensional images that corrects for biases that could results from nuclear
shape, staining background, and recording of images with the confocal microscope (Knowles et
al., submitted). Briefly, previously we have developed a model-based automatic nuclear
segmentation method to isolate individual nuclei in a DAPI-stained image based on the
assumption that nuclei of epithelial cells are of simple geometry in that they comprise a single
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spherical core. An adaptive threshold is first applied to the DAPI-stained image to produce a
binary mask of the nuclei. The technique uses a difference-of-Gaussians filter (Marr, 1982),
followed by a morphological closing filter and a flood-fill algorithm to produce the binary
segmentation mask (Soille, 2003). Following immunostaining, image acquisition by confocal
microscopy and DAPI staining-based segmentation, bright staining features/foci are isolated by
the LBF analysis technique. This technique was originally developed with NuMA staining. Pixel
brightness in the raw NuMA images is normalized by the local average brightness using an
extension of the difference-of-Gaussians technique (Marr, 1982). First the raw NuMA image is
masked by the binarized segmentation result derived from the DAPI image as described above.
Then, image brightness within each nucleus is rescaled by dividing the brightness at each point
by the local average brightness in a region surrounding that point. The local average brightness
is calculated over a region with a dimension half that of the dimension of the nuclear core. This
is important because the LBF technique sensitively resolves light or dark features that are
smaller than the region but ignores features that are larger. Thus, this technique allows the
bright features and dark regions of interest within the nucleus to be resolved and normalized for
the low-frequency brightness variations due to the geometry of the nucleus and the axial
resolution of the microscope. In the resulting LBF images, bright image features have values
above unity while dark image features have values below unity. (Figure 1; Knowles et al.,
submitted)

Figure 1. Isolation of bright features of NuMA staining
using the LBF algorithm. (A-E) one nucleus analyzed from
cell culture. (A) DNA counterstaining (DAPI) as a basis for
the segmentation mask. (B) Immunostaining for NuMA. (C)
Narrow Gaussian filtering of the NuMA image overlayed with
the segmentation mask, to remove shot or detector noise. (D)
Determination of the local average brightness using a 30X30
pixel kernel. (E) LBF image showing the bright features of the
immunostaining.

Due to the widespread distribution of the bright features of
NuMA, we had found previously that the analysis of

changes in distribution is best produced by measuring changes in density of these bright
features within the nuclear volume using a radial-LBF analysis. Briefly, the bright features
isolated following the LBF analysis are overlayed on the segmentation mask. This technique
permits a visualization of the localized accumulation of NuMA foci throughout the nuclei. In
order to calculate the radial distribution of the local bright features, a distance transform (Soille,
2003) is applied to the nuclear segmentation mask. The transform calculates the shortest
distance of each point within a nucleus to the nuclear boundary and in doing so, divides each
nucleus into a set of concentric terraces of equal thickness (Knowles et al., submitted). The LBF
image is then used in conjunction with the nuclear segmentation mask and the distance
transform to compute the density of local bright features in each terrace of each nucleus. In
each terrace, the density is calculated as the number of pixels in local bright features divided by
the total number of pixels. To reveal the relative distribution of the density of bright features
within each nucleus, the density per terrace is normalized so that the average density of bright
features is unity for each nucleus. The distances defined by the distance transform are also
normalized so that the distance at the nuclear perimeter is 0 and the distance at the center of
the nucleus is 1.0. This normalization is done to account for variations in the number of terraces
per nucleus due to variations in nucleus size and shape. Finally, the normalized density of bright
features is plotted against normalized distance from the perimeter of the nucleus to its center
(Figure 2; see figure 6 for resulting plot).
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Due to the very
distinct formation
"of H4K20m foci of
large size and the

E1 paucity of such
foci, the analysis
of changes in

H4K20m
distribution

Automated LDi cannot use the
DAM NuMA Augntoaten LBF Ditransm radial analysis

segmentation transform usually applied to
NuMA staining

pattern.
Figure 2. Distribution density of the bright features of NuMA in acinar Especially, our
cells. HMT-3522 S1 nonneoplastic cells were cultured in 3D to induce acinar observation is
morphogenesis. Each panel corresponds to the application of the different steps that
of distribution analysis starting from the same original image. A. Fluorescence nonneoplastic
micrograph of DAPI-stained nuclei from a single optical section containing three acinar cells seem
acini. B. Fluorescence micrograph of Texas-red immunolabeled NuMA from
the optical section corresponding to the DAPI image shown in A. C. to possess larger
Segmentation mask derived from the DAPI-stained image showing a single H4K20m staining
slice of individually enumerated nuclei. D. Composite view of the local bright foci compared to
features (light gray) extracted by the LBF analysis overlayed with the malignant cells.
segmentation mask (dark gray). E. Concentric terraces resulting from the We first
application of the distance transform on the seqmentation mask. established the

analysis using very different phenotypes, i.e., the differentiated luminal mammary epithelial cells
and malignant cells. In order to produce these phenotypes, nonneoplastic S1 and malignant T4-
2 breast epithelial cells were cultured in the presence of extracellular matrix enriched in laminin
(MatrigelTM ) (Petersen, 1992; Lelibvre and Bissell, 2005), a process referred to as three-
dimensional (3D) culture. Under these conditions nonneoplastic cells form glandular structures
resembling terminal ductal lobular units in normal breast, and malignant cells from invasive
tumor nodules. The analysis of H4K20m immunostaining was set up as the following: Bright
features for H4K20m staining were isolated according to the LBF algorithm. For the second step
of the analysis, the bright features were given a score based on their relative brightness and
relative size. In order to assess the size of bright foci, the LBF image was blurred in three
dimensions by convolving it with a normalized Gaussian function having a standard deviation of
1 pixel. This manipulation reduced the foci brightness as an inverse function of their size. Thus,
the local brightness maximum in the blurred-LBF image is a combined measure of the foci
brightness and size. The histogram of foci "score" for all nuclei within an image revealed a large
number of small foci but also larger foci at much lower frequency. This result was in agreement
with visual analysis of the images. Large foci were defined as having scores larger than two
standard deviations away from the histogram mean. To refine the analysis of bright feature
distribution, the number of larger foci in each nucleus was counted (Figure 3). For a total of 167
nuclei of S1 cells, a total of 311 larger foci were counted. Interestingly, 40% of the S1 nuclei
were devoid of large foci. In the nuclei that did have large foci there were on average 3.1 large
foci per nucleus. For 77 nuclei of T4-2 cells, 35 large foci were counted. 75% of T4 nuclei were
devoid of large foci. In the remaining nuclei there were an average of 1.8 large foci per nucleus.
The p value of the two probability distributions (S1 and T4-2 cells) obtained from the H4K20
analysis was calculated using a Z-test, which compares the significance of the difference
between the population means (in this case it is the mean number of foci per nucleus). For the
total number of nuclei the mean number of foci was 1.86+/-2 for S1 cells and 0.45+/-0.8 for T4
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(Z>7 and p<0.001). Another way to assess that the two distributions are significantly different is
to consider the significance of finding a single nucleus with three foci within the same cell
population. The p-value for n=3 in the T4 distribution was p=0.05 (for a single nucleus with 3 or
more foci), whereas the p-value for n=3 in the S1 distribution was p=0.4 (not significant), as
should be the case. The analysis was on per nucleus basis and nuclei with and without large
foci could be easily individually isolated.

I acinus I acifus Tumor nodule
C

SNonneoplastic Si cells 100 Malignant T4-2 cells

140 80

.- 30 •.6

20 1] h"iI T

5 0t 5 10 Is05 i 20Number of foci per nucleus Number of foci per nucleus

Figure 3. H4K20m distribution depends on breast phenotype. (A-B) Fluorescence immunostaining
for heterochromatin marker H4K20m in acini (A) formed in 3D culture (3 acini are shown) and a portion
of a tumor nodule (B). Arrowheads indicate nuclei with large foci of H4K20m. Size bar= 10 microns. (C)
Histogram of the number of H4K20m foci per nucleus in the S1 acinar cell population and T4-2
malignant cell population. S1 and T4-2 cells were cultured in 3D for 10 days and immunostained for
H4K20m and bright features were isolated using the LBF analysis. A foci-counting algorithm was
developed based on the relative brightness and the relative size of the foci. The final score was
generated from the LBF image convolved with a narrow Gaussian function which reduced the foci
brightness as an inverse function of the foci size. X axis is the percentage of cells and Y axis is the
number of large foci per nucleus.

Task 4.
Analysis of H4K20m and NuMA distribution in heterogenous premalignant S2 cell
population.
In order to assess whether the LBF analysis can identify subpolulations of cells with different
behaviors that are mixed in the same culture, we used premalignant HMT3522 S2 cells. These
cells were derived from nonneoplastic S1 cells upon culture without adding epidermal growth
factor in the culture medium and gave rise to T4-2 malignant cells after 238 passages (Briand et
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al., 1987 and 2001). The S2 cell population is heterogeneous. This is exemplified by the
formation of multicellular spheroids of different sizes and behavior (Figure 4) when these cells
are cultured in 3D. Three subpopulations have been characterized based on the size of

spheroids (less than 35
microns in diameter;
35-70 microns in
diameter; above 70

Mixed microns in diameter).
Premalignant® -( population None of the spheroids

of tumor display phenotypically
normal organization
(Figure 5) and the large
spheroids show
increase in basal
apoptosis rate. The

inasIe*:LBF analysis of NuMAinvasive [•- "•and H4K20m was

Figure 4. Drawing of tumor nodule formation in 3D culture. For 3D applied on these cells
culture, premalignant, S2 cells and S2-derived, invasive carcinoma-type cultured in 3D. Results
T4-2 cells are plated in the presence of laminin-rich Matrigel as single were then grouped into
cells. Within 10 days, tumor nodules reach sizes ranging from 35 to categories
several hundred microns. The heterogeneity of the S2 population is easily corresponding to
detected in 3D culture by the great variation is size of the tumor nodules. spheroids of different
3D culture also permits the visualization of invasive potentials of sizes. Results show
malignant cells (see arrow). that as a whole the S2

cell population displays distribution of NuMA and H4K20 different from that seen in
phenotypically normal and malignant cells (Figure 6). Most interestingly, LBF analysis of
H4K20m in S2 spheroids of different sizes shows at least two subpopulations of cells within the
S2 population (Figure 7). Thus, the LBF analysis enables us to distinguish between cells with
different behaviors in the same microenvironment. Similar studies are currently being performed
with NuMA distribution analysis.

Establishment of coculture conditions with premalignant and malignant cells.
In order to test whether the LBF analysis of NuMA and H4K20m can identify malignant cells
admixed premalignant cells, we had to set up a coculture system in which GFP-actin
expressing-malignant cells are at low density compared to premalignant cells. A ratio of one
malignant cell to eight premalignant cells led to the formation of small groups of malignant cells
within premalignant cells (Figure 8). Images of immunostaining (red) for NuMA or H4K20m and
GFP staining were recorded and are currently being analyzed. If malignant characteristics of
NuMA or H4K20m distribution are identified in some of the cells, these cells will be checked for
GFP staining to assess whether they correspond to malignant cells. On the images recorded for
LBF analysis it is already possible to visualize differences in the distribution of NuMA in
malignant (GFP stained) and premalignant cells (Figure 9). We are currently working with Dr.
Knowles to set up an automated analysis that isolates single cells with protein distribution
characteristics different from surrounding cells.
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Alpha6-
integrin

Beta-
catenin

I ZO-1

Figure 5. 3D culture of premalignant S2 cells reveals an heterogeneous phenotype. S2 cells were
cultured in the presence of Matrigel for 10 days and fixed prior to immunostaining for markers of tissue
architecture, including cell-extracellular matrix adhesion molecule alpha 6 integrin (green, A), cell-cell
adhesion complex component beta-catenin (red, B) and tight junction protein ZO-1 (green, D-F). Nuclei
are counterstained with DAPI (blue; C is the counterstained image for A and B). Different cell types
amidst the S2 population are visualized by the formation of nodules of different sizes (small- Sm;
medium- Me; large- La). Markers show alterations compared to the normal situation (see drawing of an
acinus to the right of the images) but they do not show dramatic or easily quantifiable differences
between the nodules of different sizes. The hypothesis is that the different cell types could be
distinguished at the cellular level based on the distribution of specific nuclear proteins.

Prmli n S2cel

Acinar S1 cellsI!2.0 ---

4.*

S1.50

0.5,

S] '
0.0

0.0 02 0.4 0.6 0.8 1.0
Relative distance from the perimeter

to the center of the nucleus

Figure 6. Relative density of local bright features of NuMA in nuclei of nonneoplastic and
premalignant cells. Nonneoplastic S1 and premalignant S2 cells were cultured in 3D to induce acinar
morphogenesis and tumor nodule formation, respectively. Multi-overlay plots represent the relative
density of NuMA bright features extracted by LBF analysis as a function of the relative distance from the
perimeter to the center of each nucleus. A bell shape with high density of bright features in mid-nucleus
area is a characteristic of acinar cells (Knowles et al., submitted). Whereas the peak of density of bright
features seems localized towards the periphery of the nucleus in premalignant cells. In malignant cells
the distribution appears flat (Knowles et al., submitted, not shown). The plots correspond to measures
performed in 77 acinar cells and 546 premalignant cells.
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• 14 Z 141 06

41-
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Number of foci per nucleus Number of foci per nucleus

Figure 7. Histogram of the number of H4K20m foci per nucleus demonstrates the heterogeneity
of S2 cell population. S2 cells were cultured in 3D for 10 days and immunostained for H4K20m.

Bright features or foci were isolated using the LBF analysis. A foci-counting algorithm was developed
based on the relative brightness and the relative size of the foci. The final score was generated from
the LBF image convolved with a narrow Gaussian function which reduced the foci brightness as an
inverse function of the foci size. Although the group with more than 70 nuclei per nodule seems to be
fairly homogenous with regards to H4K20m distribution, the group with 20-40 nuclei per nodule
displays a wide variation in H4K20m distributions, with peaks different from the group with more than
70 nuclei per nodule. The heterogeneity of the group of smaller nodules suggests that this group may
itself contain additional subpopulations.

S~Figure 8. Coculture of preimalignant and invasive
i carcinoma-type cells. Premalignant S2 cells and S2-

B•o derived, invasive carcinoma-type (malignant) T4-2 cells
-- " expressing GFP-actin were plated in 3D at ratio 1/8 andi r cultured for 10 days. Cells were immunostained for the

Ftnuclear protein NuMA (red; left image) and nuclei were

counterstained with DAPI (blue; right image). Upon 10of cel p n cdays of culture small groups of T4-2 cells (see GFH P

fluorescence) can be detected amidst S2 cellsn These
culture settings are being used to assess whether the LBF
method applied to NuMA and H4K20m can detect cells with
different degrees of malignancy within mixed cell
populations.
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GFP-staining areas NuMA immunostaining DAPI

Figure 9. Coculture of preimalignant and invasive carcinoma-type cells. Premalignant S2 cells
and S2-derived, invasive carcinoma-type (malignant) T4-2 cells expressing GFP-actin were plated in
3D at ratio 1/8 and cultured for 10 days. Cells were immunostained for the nuclear protein NuMA
(central image) and nuclei were counterstained with DAPI (right image). GFP helps identify malignant
cells (left image; see circled areas). Nuclei with NuMA staining patterns already visually different from
nuclei located within circled areas (left image) are indicated by an arrow on the NuMA immunostaining
image (central image).

Progress for Aim 2.
Task 2. Fluorescent immunostaining for NuMA and H4K20m on paraffin sections of
breast tissue biopsies.
In order to investigate nuclear protein distribution on tissue biopsy sections, we need to perform
fluorescent immunostaining on paraffinated samples. Both NuMA and H4K20m fluorescent
staining worked on sections of archival paraffinated samples of normal breast tissue (Figure 10).
The best staining was obtained with the following procedure: Deparaffination and rehydration of

A tissue samples was
achieved by washing
thrice for 5 min at room

temperature with xylene
(Mallinckrodt, Hazelwood,
MO), thrice for 2 min with
100% ethanol
(Mallinckrodt), once for 2
min with 95% ethanol,
once for 2 min with 70%
ethanol, and twice for 5

min with Tris-Buffered
Figure 10. Fluorescence staining for NuMA and H4K20m on paraffin Saline (TBS) [10 mM
section of normal breast tissue. Samples of normal breast tissue were Tris base; 150 mM
immunostained for NuMA and H4K20m using streptavidin-biotin-tiramide NaCI], pH 8.0. Samples
method. A. Low resolution images of NuMA immunostaining (a and d). ware pH80Samples
Arrows indicate the concentration of NuMA bright staining features in mid were permeabilized for
nucleus (b). B. Low resolution images of H4K20m immunostaining (a and 12 min at room
c) and DNA counterstain (b and d). Arrows indicate large H4K20m foci in temperature with 0.5%
a and c. E= luminal epithelium; M= myopepithelial cells; En= endothelial Triton X-100 in
cells. cytoskeletal buffer

containing proteases
and phosphatases inhibitors (CSK-PI) (Plachot and Lelibvre, 2004). After washing twice for 2
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min with CSK-PI, cells were incubated for 10 min at 1000C followed by 20 min at room
temperature with a 1:9 dilution of Target Retrieval Solution (DakoCytomation) in water. Samples
were washed twice for 5 min with TBS. Samples were then incubated for 15 min with avidin
blocking solution (Vector), washed once for 2 min with TBS, incubated for 15 min with biotin
blocking solution (Vector), washed twice for 2 min with TBS, and once for 5 min with TBS
containing 0.05% (v/v) Tween 20 (Sigma-Aldrich) (TBST). Samples were incubated for 30 min
at room temperature with blocking reagent (PerkinElmer Life Sciences, Boston, MA), followed
by incubation overnight at 40C with NuMA or H4K20m antibody in blocking reagent. Samples
were incubated twice for 10 min in TBS, once for 10 min in TBST, followed by incubation for 1 h
with 15 pg/ml biotin-conjugated horse anti-mouse IgG (for NuMA) or anti-rabbit (for H4K20m)
antibodies (Vector). After incubation twice for 5 min with TBS and once for 10 min with TBST,
samples were then incubated for 30 min with 8 pg/ml fluorescein (DTAF)-conjugated
streptavidin (Jackson Immunoresearch) in blocking reagent. After incubation twice for 5 min with
TBS, once for 10 min with TBS, and once for 10 min with TBST, samples were incubated for 15
min with 1:49 dilution of biotinyl tiramide in amplification diluent (PerkinElmer Life Sciences).
After incubation twice for 5 min with TBS and once for 5 min with TBST, samples were
incubated for 30 min with 8 pg/ml fluorescein (DTAF)-conjugated streptavidin (Jackson
Immunoresearch) in blocking reagent. Samples were then washed once for 5 min with TBS and
once for 5 min with TBST. DNA was labeled for 10 min with 0.5 pg/ml of DAPI (Sigma-Aldrich)
in PBS. After removal of excess DAPI, samples were mounted with the ProLong® antifade kit
(Molecular Probes). The distribution of NuMA and H4K20m appeared similar in normal tissue
and 3D culture of nonneoplastic cells, confirming that 3D cultures reproduce physiologically
relevant distributions of nuclear proteins.

Task 3. LBF analysis on paraffin sections of breast tissue biopsies
Bright features can be extracted from fluorescent staining on paraffin sections. Extraction of
bright features of NuMA was first performed on normal breast tissue using LBF methods similar

to those developed in

Figure 11. Isolation of
bright features on
immunostained tissue
samples using the LBF
method. DAPI image (a)
corresponding to NuMA
staining (b). Overlay of
the LBF image of NuMA
and the segmentation

3D cell culture (Figure 11). mask (for a and b) isshown in (c).

Tasks 5-9. Fluorescence immunostaining of tissue samples for NuMA and H4K20m in ongoing.
These samples will be used for LBF-based extraction of bright features followed by application
of the radial analysis (for NuMA distribution) or the foci-counting analysis (for H4K20m
distribution).

TIMETABLE

Task 1 completed

Task 2 completed
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Task 3 50% completed

Task 4 70% completed

Tasks 5-9 To be completed in the coming year

KEY RESEARCH ACCOMPLISHMENTS
"* Criteria for distribution analysis have been set up for the nuclear protein H4K20m
"* The LBF image analysis distinguishes premalignant from differentiated cells and from

malignant cells based on NuMA and H4K20m distributions.
"* The LBF analysis can identify different subpopulations of cells within the premalignant

population.
"* Distinct distributions of nuclear proteins in premalignant and malignant cells can be

observed in these two types of cells in 3D coculture.
"* Fluorescent immunostaining for H4K20m and NuMA can be performed on paraffin

sections of breast tissue biopsies.
"* Extraction of bright features by the LBF algorithm can be performed successfully on

fluorescently labeled paraffin sections of breast tissue biopsies

REPORTABLE OUTCOMES

1) Development of H4K20m distribution analysis in cell culture
2) Establishment of a 3D coculture system to study the interaction between cell types in the

context of neoplasia
3) Parts of the results obtained in this project were used in the preparation of two different

grant proposals. An R33 proposal was submitted to NIH to expand the LBF analysis to
establish distribution maps characterizing different tissue phenotypes (PI, David
Knowles; Co-Investigator, S. Leliivre) and an IDEA project was submitted to
DOD/BCRP (PI, David Knowles; Co-Investigator, S. Leli~vre) to start implementing the
use of the automated LBF analysis for assessing protein distribution in cell culture and
tissue samples in individual biology research laboratories using Matlab platform.

CONCLUSIONS

In the first part of the project, we have tested the hypothesis that the LBF image analysis
developed in collaboration with biophysicist David Knowles can identify subpopulations of cells
with different behaviors within the same 3D culture sample. The LBF analysis of H4K20m
distribution identified at least two subpopulations within premalignant cells. The ultimate goal is
to be able to recognize malignant cells within premalignant or preinvasive lesions. Thus, our
work with 3D culture of cells that mimic physiologically relevant phenotypes enabled us to
demonstrate that in principle the LBF analysis can be used to recognize mixtures of cell
subpopulations. Coculture of premalignant and malignant cells have been successfully set up
and show distinct nuclear protein distributions (e.g., for NuMA) in malignant and premalignant
cells when malignant cells are mixed with a large amount of premalignant cells. The image
analysis is currently being modified to isolate rare events (i.e., one or a few cells with malignant
characteristics as shown by the distribution of nuclear proteins, within a population of
premalignant cells). We have set up the immunostaining procedure for analysis of the
distribution of NuMA and H4K20m on tissue samples and are eager to start the analysis of
these samples. However, such an analysis could not be started until all the parameters of the
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method were first finalized in 3D culture. We are hopeful that within the next year the LBF
method will help identify cell subpopulations within premalignant and preinvasive lesions.
Eventually, the ability to recognize malignant cells in these lesions would bring critical
improvement for the identification of lesions of adverse and good prognosis.
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relevant culture of non-neoplastic and neoplastic breast epithelial cells"

H Adissu, S Clark, M Johnson, S Devarakonda, and SA Leli~vre. "Phenotypically normal mammary epithelial
cells promote survival and proliferation of tumor cells via paracrine influrence"
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(6) Sheela Devarakonda (Sophomore, Veterinary School, Merk Merial Fellow), Summer 2002

(7) Katharine Turner (Pharmacy student, DOD Fellow), Summer 2002

(8) Jason Lewis (Junior Undergraduate, Microbiology), 2003, including summer as DOD Fellow
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